The HMG box is a novel type of DNA-binding domain found in a diverse group of proteins. The HMG box superfamily comprises a.o. the High Mobility Group proteins HMG1 and HMG2, the nucleolar transcription factor UBF, the lymphoid transcription factors TCF-1 and LEF-1, the fungal mating-type genes mat-Mc and MATA1, and the mammalian sex-determining gene SRY. The superfamily dates back to at least 1,000 million years ago, as its members appear in animals, plants and yeast. Alignment of all known HMG boxes defined an unusually loose consensus sequence. We constructed phylogenetic trees connecting the members of the HMG box superfamily in order to understand their evolution. This analysis led us to distinguish two subfamilies: one comprising proteins with a single sequence-specific HMG box, the other encompassing relatively non sequence-specific DNAbinding proteins with multiple HMG boxes. By studying the extent of diversification of the superfamily, we found that the speed of evolution was very different within the various groups of HMG-box containing factors. Comparison of the evolution of the two boxes of ABF2 and of mtTF1 implied different diversification models for these two proteins. Finally, we provide a tree for the highly complex group of SRY-like ('Sox' genes), clustering at least 40 different loci that rapidly diverged in various animal lineages.
INTRODUCTION
A large proportion of the eukaryotic DNA-binding proteins cloned to date can be grouped into a small number of families, defined by the presence of conserved structural motifs such as the zinc finger (1), the basic leucine zipper (2), the homeodomain (3) and the helix-loop-helix motif (4) . Tjian and co-workers recently recognized a novel type of DNA-binding domain repeated six times in the RNA polymerase I transcription factor UBF. This repeated domain is homologous to two regions in High Mobility Group 1 (HMG1) proteins, and was therefore coined the HMG box (5) . One of the HMG boxes of UBF was shown to be sufficient for binding to a DNA-affinity column (5) . Several HMG box containing proteins have since been identified, including the products of the fungal mating type genes Mat-Mc of S.pombe (6) and Mt Al of N.crassa (7) , the mammalian sexdetermining gene SRY (8, 9) , the lymphoid transcription factors TCF1 and LEF1 (10) (11) (12) , and the mitochondrial transcription factor mtTFl (13) . The consensus HMG box comprises approximately 80 amino acid residues; average sequence identity between individual HMG boxes is close to 25 %. The HMG box is believed to interact with DNA as a monomer (14; M. Van de Wetering and H.C., unpublished).
Most HMG box proteins contain two or more HMG boxes and appear to bind DNA in a relatively sequence-aspecific manner (5, 13, 15, 16 and references therein). A curious property was described recently for HMG1 and SRY, that can interact with cruciform DNA irrespectiveLY of sequence (16, 17) . A smaller number of these proteins contain a single HMG box, and bind in a highly sequence-specific manner as exemplified by various footprinting experiments. The latter group includes the yeast mating type gene products MC, MATA1 and the STE11 gene; SRY and its homologues in insects and vertebrates, and the TCFlike genes (TCF-1, -3, -4 and LEF-1). Despite the relatively low level of homology between mating type genes, SRY-and TCFlike genes, they all appear to bind to the minor groove of the A/T A/T C A A A G-motif (10, 14, (18) (19) (20) .
Examples of both types of HMG box proteins have been found in yeast, plants, insects and vertebrates, implying an ancient evolutionary history for this gene family. We have collected the sequences of the HMG boxes of proteins from plants, yeast and animals and have constructed evolutionary trees for the HMG box family of DNA-binding proteins. We conclude that the HMG box superfamily appeared more than 1,000 millions years ago and since this time was organized into two subfamilies: the TCF/SOX subfamily and the UBF/HMG subfamily.
MATERIALS AND METHODS
Sequence sources and alignment Sequences used for this study are shown in Table I and II. For each mammalian gene, the human or rodent sequences were used indifferently when available. We have checked that the introduction of various mammalian versions of these genes does not change the topology of the trees (data not shown). M1P, M2P, M4P, M5P, M6P and M8P were cloned by PCR using guessmer Y   81  81  81  81  77  81  81  81  81  81  81  79  71  82  81  79  76  76  76  81  81  81  81  81  81  81  81  83  83  83  77  73  79  79  79  79  79  81  81  82 81 81 Figure 1 . Alignment of the HMG boxes. Each box (even boxes from the same protein) was treated as a single taxonomic unit. The bottom 'CONS' line indicates some amino acid positions less divergent than the rest of the box. No real consensus can be derived from this alignment. The residus implicated in alpha helix on the NMR structure recently described (65) are noted by stars on the 'HELDC' line at the bottom of the figure. primers (M. Van de Wetering and H.C., unpublished). Numerous SRY-related genes were found in the GenBank data base (see ref 64) . The HMG sequences were used to conduct a computer alignment procedure using the CLUSTAL package available on the CITI-2/Bisance network (21, 22) . Because of the low sequence similarities we have chosen to confer a substantial penalty for the insertion of gaps. The alignment of the SRY family genes is available from V.L. upon request.
Construction of phylogenetic trees
Our method was similar to the one used by Laudet et al., (1992) (23) . The percent divergence values for all pairwise comparisons of the aligned sequences were calculated by dividing the number of different residues by the total number of compared residues. Gaps were treated as mismatches. Before tree construction, all values were transformed into distances (d) with Poisson correction d = In (1-S) where S is the proportion of sites that differ (24) .
These values were then used to construct phylogenetic trees by the Fitch least Squares method (25) and by the NeigHborJoining (NJ) method described by Saitou and Nei (1987) . We have preferred NJ to UPGMA (26) since the UPGMA method implies an equal rate of change along all sequences (27) , an assumption which might not be true for genes encoding HMG boxes. The distance matrix as well as the trees not shown in the paper are available from V.L. upon request.
RESULTS

Alignment of HMG box sequences
Our first aim was to produce a list of all HMG-box sequences through a data base search (Genbank, EMBL data library and NBRF) with die Fasta procedure. We have used different members of the family as well as short peptides signatures (data not shown) to find all possible sequences. The result of this exhaustive search is given in Tables 1 and 2 . Two sequences that have been described as HMG boxes were excluded from our sequence list since they do not appear to belong to die superfarnily. The ACP2 protein (28) was described as a Saccharomyces cerevisiae HMG 1-like protein. Indeed, this sequence shows 19% amino acid identity witii Calf thymus HMG1 but numerous amino acids well conserved within the HMG superfamily are not present in ACP2, suggesting that the observed homology only reflects a sequence convergence. Since its first description, it has been demonstrated that ACP2 actually encodes a subunit of the RNA polymerase III from Saccharomyces and diat the described homology corresponds to a non significant convergence of sequences rich in acidic amino acids (29) . Based on similar arguments, we do not consider the histone HI from Tetrahymena thermophila as an HMG box protein (30, 31) .
The sequences listed in Table 1 were aligned using the procedure described in ref 23 and the Clustal V program (21) . In the cases where a protein contains more than one HMG box, we have treated each box separately. This allowed us to compare die evolution of die various boxes present in proteins such as UBF or 'classical' HMGs (i.e. HMG1 and HMG2 proteins). The Clustal V alignment was slighdy modified in the central part of die HMG domain where some variations appear in the length of die sequences. In this region, the gaps were introduced exacdy at die same place in die various sequences assuming only one insertion event common to all HMG1 group members. The final alignment of all die 44 HMG boxes used in diis study is shown in Figure 1 . The lengdi of die HMG domain varies from 71 (for From the alignment presented in Fig. 1 , it appears that the sequence of the HMG box is highly variable. This may explain why it is sometimes difficult to determine whether a given protein belongs to the HMG box superfamily. There are no strictly conserved amino acids between all the superfamily members: it is thus impossible to propose an unequivocal signature of the superfamily. Furthermore only three amino acids are conserved in more than 80% of the sequences: a P at position 8 of our alignment, a W at position 45 and a K at position 53. Several other positions are also conserved throughout the family, but to a lesser extent (see Fig.l ).
The extreme structural and functional diversity of the HMG box superfamily may explain why several authors have suggested a relationship between HMG members and unrelated factors (see 32 for a review) e.g. it has been proposed that the HMG box of LEF-1 shares homology with the conserved DNA binding domain of the ETS family of transcription factors (12) . Careful examination of sequence alignments between various HMG boxes and ETS domains (33, 34) leads us to conclude that there is no significant relationship between these two superfamilies. In the phylogenetic trees relating these sequences, the connection between the two families was highly variable and very sensitive to subtle variations on the alignment or on the tree reconstruction procedure used (data not shown). This indicates an absence of real homology between these sequences. Based on the same argument a relation between the eukaryotic hsp70 gene, the E.coli dnaK gene and the central portion of the HMG box (15, 32) was ruled out.
Generation of phylogenetic trees
Using the alignment shown in Fig. 1 , we have constructed phylogenetic trees relating the 44 HMG-boxes using two different programs (Neighbor-Joining and Fitch Least Square analyses) both based on distance matrix calculation (Fig. 2, 3 and 4) . The Table 2. SOX-related sequences used in this study   Abbreviation   CKCH1  CKCH7  AMA3  CKCH31  AMA2  CKCH4  AMA1  CKCH2  CKCH60  CKCH32  DM17  CKCH3  DM64  DM23  DM33  DM36  DM10  DM63  M6P  M4P  MAI  MA2  MMSOX14  M5P  HUMSOX10  HUMSOX9  M8P  MA3  XELSOX11  MMSOX15  HSRY  RSRY  MSRY  SMSRY  MESRY  HUMSOX5  MUSSOX5  XELSOX5  HUMSOX6  MUSSOX6  MMSOX13  XELSOX12  MUSSOX7  HUMSOX8  DROSOX15  MMSOX10  MMSOX8  MMSOX9  MA4  HUMSOX4  MMSOX11  XELSOX13  M1P  AES4  AES1  AES2  AES6  TMG44  TMG42  TMG43  LG28  LG27  ADW4  ADW5  ADW2  MMSOX12 9  36  8  36  36  20  20,37  20  20  20  67  20  20  20  20  67  67  67  8  20  67  20  H.C., unpublished  64  64  64  64  64  64  64  64  64  64  64  64  67  20   Size   54  54  54  54  54  54  54  54  54  54  54  54  54  54  54  54  54  54  52  52  81  81  56  52  54  54  52  81  54  54  81  79  81  78  79  54  54  54  54  54  56  54  54  54  54  56  56  56  81  54  56  54  52  72  72  72  72  72  72  72  71  71  72  71  72  56  54   GenBank   CHKCH1DNA  CHKCH7DNA  ALLAMA3DNA  CHKCH31DNA  ALLAMA2DNA  CHKCH4DNA  ALLAMA1DNA  CHKCH2DNA  CHKCH60  CHKCH32DNA  DRODM17DNA  CHKCH3DNA  DRODM64GEN  DRODM23DNA  DRODM33DNA  DRODM36DNA  DRODM10DNA  DRODM64DNA  ----MMS0X14  -HUMSOX10  HUMSOX9  --XELXSOX11  -HUMSRY  -MUSSRYLOC  --HUMSOX5  MUSSOX5P  XELXSOX5  HUMSOX6  MUSSOX6  MMSOX13  XELXSOX12  MUSSOX7  HUMSOX8  DRODSOX15  MMSOX10  MMSOX8  MMSOX9  -HUMSOX4  MMSOX11  XELSOX13  -ALLAES4  ALLAES1DNA  ALLAES2DNA  ALLAES6DNA  TELMG44  TELMG42DNA  TELMG43DNA  EULLG27DNA  EULLG28DNA  ALLADW4DNA  ALLADW5DNA  ALLADW2DNA  MMSOX12  DRODSOX14   Putative locus   AMA3 ?  AMA3 ?  AMA3 ?  AMA2  AMA2  AMA1  AMA1  CH2 ?  CH60?  CH32  CH32 The size in amino acid is indicated for each sequence as well as the GenBank code and/or the reference when available. The species are also indicated. Eublepharis macularis is a Reptilia, Sminthopsis macroura and Macropus eugenii are two Marsupial species. The 'Putative locus' column indicates homologous genes. HUMSOX5, MUSSOX5 and XELSOX5 are obvious homologues of the Sox5 locus in human, mouse and Xenopus respectively. But, from the evolutionary tree it appears that other genes may also be considered as homologues (CKCH31 and AMA2 or XELSOX13 and M1P, for example). Species-specific gene clusters as defined in Fig.6 are also indicated in this column. Sequences are given in the order of the Fitch tree of two programs allow a division of the HMG superfamily into two subfamilies and a subdivision into 11 groups of genes (see Fig. 2 ). The two families are (i) the TCF, MATA, SOX family which will be referred to as the TCF/SOX family and (ii) a family which comprises all other HMG boxes from 'classical' HMG to UBF factors which will be referred to as the HMG/UBF subfamily. The 11 groups are the following: TCF, MATA, and SOX in the TCF/SOX family and CCG1, ABF2, HMG-2 (our terminology for box 2 of 'classical' HMG proteins), TET-HMG ('classical' HMG from Tetrahymena), HMG-1 (box 1 of 'classical' HMG) and finally UBF-1, UBF-5 and UBF-2/4 which correspond to the various HMG boxes from the Xenopus and Human UBF (see Figure 2 , 3 and 4). The groups were invariable between the trees constructed with the NJ or the Fitch program, with the exception of MTTF1 -2 which belongs to the HMG-1 group for NJ tree but not for the Fitch tree. This strongly argues for the validity of the trees. The trees obtained by the Fitch (Fig.3) , or the NJ (Fig.4 ) methods were compared and the result of this comparison is presented in Fig.2 . As the composition of the groups of genes is identical with both methods only group names were indicated in the Figure 2 trees occurred in the branching order of some deeply clustered groups such as TETHMG or ABF2. In the Fitch tree the TETHMG group clusters with 'classical' HMGs whereas in the NJ tree it is located between the UBF-1 and ABF2 groups. Since HMG factors from Tetrahymena were all described as homologues of 'classical' HMGs (31, 35 and references therein), it seems reasonable to assume the Fitch tree as the most correct. During this analysis we consistently found the Fitch tree very less sensitive to the addition of new members or to slight variations in the alignment than the NJ tree (not shown). Furthermore, in the analysis of nuclear receptors or ETS family members we also consistently found the Fitch trees to be more valuable and solid than NJ trees (23, 34) . It is important to mention that the trees presented in Fig.2 are unrooted i. e. that the position of the putative common ancestor to all the HMG boxes is not known. As we have no correct outgroup (i.e. genes distantly related to HMG box) we cannot determine the position of this ancestor. Although it is tempting to place the root between the two subfamilies (TCF/SOX and HMG/UBF), this remains a pure speculation and for that reason the trees presented in Fig.3 and 4 are also unrooted. For these reasons it is hard to know whether CCG1 belongs to the HMG/UBF or to the TCF/SOX subfamilies.
Examination of the trees (Fig. 3 and 4) leads to other interesting observations. Firstly, using the fact that HMG box sequences have been described in a broad spectrum of species (from vertebrates to insects, yeast and even plants), it is possible to estimate the age and the speed of diversification of the superfamily. The dichotomies between sequences originating from different organisms are indicated in the Fig. 3 and 4 . This clearly illustrates the age of the HMG box superfamily. Secondly, comparison of the evolution of different boxes occurring in a single factor allows us to propose different diversification models for the appearance of these boxes in the final product. Two extreme cases of intra gene diversification are given in Fig.5 : in the case of ABF2 (15) the two boxes are duplicated from a single box ancestor to form the final product; in the case of mtTFl (13) the two boxes were duplicated very early on and subsequently joined on the same gene product. Thirdly, we have studied the distribution of the acidic tail which is sometimes present in the C-terminal part of various HMG box proteins. This structure is present in the 'classical HMGs' from plants or animals as well as in the UBF proteins from human or Xenopus but not in other members of die HMG/UBF subfamily such as T160, TET HMG, mtTFl or NHP6. From this distribution it seems clearly that this acidic tail was acquired independently by 'classical HMGs' and UBF factors during evolution.
The SOX family of genes
In the course of this study, we were surprised to find a large number of new genes which are related to the SRY sex determination gene (9, 64; see Table 2 ). These SOX genes have been cloned from mammals as well as birds, various reptilias, Amphibians and Insects (M.Van de Wetering and H.C. unpublished results; 8, 20, 36, 37; see also the sequences obtained by Piccardo et al., and deposited on Genbank, ref 64) and likely represent at least 40 different loci. The majority of the sequences are incomplete since PCR primers used for cloning were based on consensus sequences within the HMG box. In order to clarify the relationships between these members, we decided to align all the SOX genes sequences and to construct a phylogenetic tree from this alignment.
From the alignment performed with the Clustal V program (data not shown), we constructed Fitch (Fig.6 ) or NJ trees (not shown). The precise topology of these trees must be regarded only as preliminary since most of the sequences are incomplete. To avoid gross artefacts, we constructed trees with the two programs (Fitch and NJ) and with two different alignments: one containing the entire HMG box with gaps at the beginning and at the end of the sequences when information was not available and the other where only the smallest common part to all SOX sequences was used. The four different trees constructed allowed us to divide the SOX family into various groups.
From trees such as the Fitch tree constructed from the sequences of all the SOX genes presented (Fig.6) it is interesting to note that the evolutionary pattern of some members of this
SOX 12 GENE 3 SOX 14 GENE Figure 6 . Rooted phylogenetic Fitch tree for the SOX-related genes. Clusters were defined as groups of genes from the same species or from very related species (such as Alligator and Gecko in the Reptilia cluster). In such cases it is not known whether sequences coming from other species were missing for other species due to a 'sampling artefact' (i.e. these genes exist but are not yet isolated) or if these clusters are indeed species-specific. In the later case we must assume explosive 'hot spot periods' of gene duplication during the evolution of these clustercontaining species.
family is unique. In classical cases, the various homologous members from different species of one given locus are clearly rooting together. This is the case for the CKCH31 and AMA2 sequences in Fig. 6 which are probably the Chicken and Alligator versions of one unique locus (the various numbers only reflecting a puzzling terminology). But, in several cases within the SRYrelated genes we can observe sequences which do not fit with such a type of classification. This is for instance the case of the various Drosophila sequences called DM64, DM23, DM33, DM36, DM10 or DM63 (see the 'DM cluster' in Fig. 6 ; other clusters of that type are also shown for mouse or Reptilians sequences in that Fig. 6 ). Such a cluster of genes may have two different origins: First, it may represent a sampling artefact. This interpretation assumes that we presently lack the sequences for the vertebrates homologues of these Drosophila genes or that (as noted by the authors) some of the very close homologues inside these clusters represent sequence artefacts caused by the PCR amplification process (64) . An alternate interpretation may be that these clusters represent real species specific genes which were formed independently and rapidly.
DISCUSSION
Organization and ancestry of the HMG superfamily
In this paper, we have studied the organization of the HMG box superfamily. By constructing phylogenetical trees it appears that this superfamily can be divided into two families: the TCF/SOX family and the HMG/UBF family. All members of the TCF/SOX superfamily contains a single HMG box. Sequence-specificity and mode of binding have been analyzed for TCF1, LEF1, STE11, Me, SRY and SOX5 (see Introduction); they all bind to the minor groove of the A/T A/T C A A A G motif (59, 60 and references therein). In contrast, members of the HMG/UBF family typically contain more than one HMG box, and display a much looser, if any, sequence-preference. Although these molecules (such as UBF or ABF2) have been shown to produce clear footprints on DNA sequences (5, 15) , it is not obvious whether the binding of these factors depends strictly on the sequence or on some poorly characterized structural features of the sequences such as cruciform shape or 'sharp angles' (16, 17) . It must also be noted that the sequence recognized on footprints by UBF and ABF2 are clearly different (15) . It thus seems that there is no clear link in that respect between members of die HMG/UBF subfamily in contrast to members of the TCF/SOX subfamily which all recognize the same type of DNA element (10, 14, (18) (19) (20) .
Since the HMG superfamily has representatives in plants, yeast and animals, it is very ancient. This notion holds for both families. In the TCF/SOX family the three genes of the MATA group are of fungal origin. The MATA group clusters with the SOX and TCF groups indicating that the separation between the fungal genes and SOX and TCF genes predates the divergence of fungal and animal lineages. Since this dichotomy occured approximately 1,000 million years ago (38, 39) , it implies that the three groups of the TCF/SOX family existed before this date. The same conclusion can be drawn for the 'classical' HMG and UBF with regard to the dichotomy between yeast NHP6 genes and the second box of 'classical' HMG. The putative HMG box ancestor should predate the appearance of the TCF/SOX and the UBF/HMG families and is thus obligatory older than 1,000 million years.
Few transcription factor families have been studied from an evolutionary point of view. Two of these families, die nuclear receptors (23, 40) , and the ETS oncogene family (33, 34) are known only in animals. This makes it difficult to know if these families are older than 500-600 million years. In contrast, homeobox genes have been cloned from plants and animals suggesting that this family, like the HMG box superfamily, is much older (41 -43) . The same type of conclusion can be drawn for the jun family since the GCN4 factor is a yeast homologue of me jun oncogenes (44) .
Speed of diversification of HMG superfamily members
It is interesting to note mat the speed of evolution (i.e. of accumulation of mutations in newly duplicated genes) is very different from one gene group to another. In trees such as those presented in Fig. 3 and 4 , die length of the horizontal branches is not proportional to time, but to the divergence between sequences. This means that a long branch will be obtained in a short time period if the two sequences have diverged very rapidly. Alternatively, when two sequences accumulate mutations very slowly, the short branches connecting them may correspond to long periods of times. Thus, it is difficult to assess the speed of evolution without knowing the precise dates corresponding to the different dichotomies. As the HMG superfamily contains homologues belonging to different species, we can use the dichotomies between these homologues to date some parts of the trees. For example, the dichotomies between human and Xenopus UBF box sequences correspond to the dichotomy between mammals and amphibians, i.e. approx 400 million years (45) . This 400 million year periods corresponds to 6% divergence between human and Xenopus UBF box 1 so to 1.5% divergence per 100 million years (1.5%/100MY). The same calculation resulted in 21 % divergence in 400 million years for human and Xenopus box 5 thus 5%/100MY. This means that box 5 evolved approximately 3-4 fold more rapidly than box 1. The same calculation can be made for other parts of the trees. It gives a rough estimate of sequence divergence for each gene group when it is possible to date at least one dichotomy in the group. For example, we can observe by comparing the speed of evolution between HMG 1-2 or HMG2-2 to either HMGT-2 (HMG box from trout, time of divergence with mammals of approx 500 million years) or maize or soybean 'classical' HMG (from plants, time of divergence with animals of approx 1,000 million years) that the speed of evolution in this group was fairly constant and may be estimated to 6%/100MY i.e. twice that for the HMG box 1 (3%/100MY). By comparison, the speed of evolution between mouse and human SRY is 30%/100MY since the rodent and primates were separated 100 million years ago (46) . It means that the evolution of SRY was 5 to 10 fold more rapid than the speed of evolution of 'classical' HMGs.
The fact that two boxes contained within the same protein may diverge at different speeds highlights the fact that these boxes evolved independently. From our tree it is clear that the 5 boxes shared by UBF factors from human and Xenopus or the two boxes from 'classical' HMGs originated very early in evolution. It is probable that these boxes have always been joined since all UBF or 'classical' HMGs boxes share a common and specific ancestor. Nevertheless, this rule (illustrated in Fig. 5A ) has at least one exception: the two boxes of the mitochondrial mtTFl protein.
The first box of this protein belongs to the UBF-5 group while the second box belongs to the divergent HMG-1 group. This situation is reminiscent of the two conserved domains of some nuclear receptors such as the vitamin D or the ecdysone receptors (23) . In these cases, the two domains belong to different subfamilies of nuclear receptors suggesting that a kind of recombination or exon shuffling event (47) has joined them to form a new gene which is an 'evolutive chimaera'. It seems probable that one such event created the mtTFl gene by juxtaposing a UBF-5-like box and an HMG-1-like box. The resulting chimaera was then retained by natural selection during the evolution of the organisms. This type of shuffling mechanism may represent a simple way to increase gene diversity during evolution and is reminiscent of the recently proposed 'overprinting' gene diversification model (48) .
Mechanisms of evolution of the HMG box superfamily
Our analysis suggests that the presently observed diversity of the HMG box superfamily was acquired by at least three types of mechanisms acting cooperatively. The first type of mechanism is gene duplication which took place very often during the evolution of the family. This is for example the case for the TCF1 and LEF1 genes which are obviously the result of a gene duplication event which took place during mammalian evolution (66) . Secondly, we have noticed that some exon shuffling events or intragene duplications have given rise to the members which possess several boxes. This type of event also accounts for the curious evolutionary history that we revealed for mtTFl (see fig  5) . Finally, it is also clear that, as previously discussed, mutations were accumulated at different speeds in the various groups of HMG proteins such as SOX genes (high mutational rate) or UBF genes (relatively slow speed).
The conservation of primary sequence amongst the various members of the ancient HMG superfamily likely reflects conserved features of the three-dimensional structure of the HMG box. It appears particularly likely that the members of the sequence-specific TCF/SOX family adopt similar quaternary structures in complex with their cognate motifs and that the well conserved basic N-terminal region of the HMG box of these proteins may account for their binding to very similar DNA sequences (14, 18, 59, 60) . The recent NMR analysis of the second box of the HMG1 protein (corresponding to our HMG 1-2) seems to confirm this model since this N-terminal basic region may be implicated in DNA recognition (65) . In this structural analysis the HMG box adopts a unique L-shaped structure which may be related to its recognition of structural motifs of the DNA molecule. X-ray cristallography, as well as NMR studies of other members of the superfamily, currently ongoing in several laboratories, will unveil the mode of interaction of the HMG box with DNA.
